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DESCRIPTION 

R ESIST REMOVING APPARATUS AND METH OD OF REMOVING 

RESIST 



Technical Field 

The present invention relates to a resist 
removing apparatus and a method of removing a resist, 
which are indispensable in a. lithography process for 
forming a micr ost ruct ure such as a semiconductor 
integrated circuit. 

Background Art 

At present, as a method of removing a resist film, 
there are a method of removing a resist film by 
oxygen plasma ashing, a method of dissolving a resist 
film by heating by using an organic solvent (phenolic, 
halogenous or other organic solvent, 90°C to 130°C), 
and a heating and dissolving method using 
concentrated sulfuric acid/hydrogen peroxide. All of 
these methods need time, energy and chemical 
materials to decompose and dissolve the resist film, 
which becomes a burden on the lithography process. 
Though the demand for a new resist removing technique 
which replaces the removal by ashing and dissolving 
like this grows sharply, there are a small number of 
developments of the removal technique. A typical 
example of this is a new technique which develops a 
removing liquid and uses the removing action of a 




high-frequency supersonic wave. As the removing 
liquid, the removing effect of, for example, "IPA-H2O2 
component + salt such as fluoride" is recognized. 

An object of the present invention is to provide 
a resist removing apparatus and a method of removing 
a resist which make it possible to form a liquid film 
on a resist and dissolve and remove the resist by 
using active oxygen generated in the liquid film, and 
achieve a breakaway from a resource and energy 
intensive type technique, namely, realization of an 
environmentally compatible type technique which does 
not depend on high energy and chemical solvents for 
removing a resist. 

Summary of the Invention 

A resist removing apparatus of the present 
invention includes a treatment chamber constituting a 
treatment space for removing a resist on a substrate, 
a substrate supporter supporting the substrate in the 
aforesaid treatment chamber and having a mechanism 
for moving the substrate in an upward and downward 
direction in the aforesaid treatment chamber and 
freely adjusting the treatment space, and a liquid 
film generator for forming a liquid film containing 
active oxygen on the resist of the substrate, and on 
forming the liquid film, the treatment space is 
adjusted by the moving mechanism of the aforesaid 
substrate supporter to control a state of the liquid 
f i Im . 



In one mode of the resist removing apparatus of 
the present invention, the aforesaid liquid film 
generator includes an ultraviolet rays emitting 
mechanism for emitting ultraviolet rays to the liquid 
film formed on the substrate. 

In one mode of the. resist removing apparatus of 
the present invention, wavelengths of the ultraviolet 
rays emitted from the ultraviolet rays emitting 



mechanism are 172 nm to 310 nm . 




In one mode of the resist removing apparatus of 
the present invention, the ultraviolet rays emitting 
mechanism is a low pressure ultraviolet lamp. 

In one mode of the resist removing apparatus of 
the present invention, a surface of the substrate and 
an upper surface portion of an inside of the 
aforesaid treatment chamber are brought into close 
vicinity to each other by the moving mechanism of the 
aforesaid substrate supporter, and the state of the 
liquid film is adjusted to a size to cover an 
approximately entire surface of the resist on the 
substrate . 

In one mode of the resist removing apparatus of 
the present invention, a distance between the surface 
of the substrate and the upper surface portion of the 
inside of the treatment chamber is 1 mm or less. 

In one mode of the resist removing apparatus of 
the present invention, the aforesaid liquid film 
generator includes an ozone supply mechanism for 
supplying ozone water to the liquid film. 
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In one mode of the resist removing apparatus of 
the present invention, the aforesaid liquid film 
generator includes peroxide water supply mechanism 
for supplying peroxide water to the liquid film. 

In one mode of the resist removing apparatus of 
the present invention, the surface of the substrate 
and the upper surface portion of the inside of the 
aforesaid treatment chamber are separated from each 
other by the moving mechanism of the aforesaid 
substrate supporter, and the state of the liquid film 
is adjusted so that condensation forms on the resist 
surface on the substrate as liquid drops. 

In one mode of the resist removing apparatus of 
the present invention, the aforesaid liquid film 
generator includes a mechanism for supplying mist- 
containing water vapor. 

In one mode of the resist removing apparatus of 
the present invention, the aforesaid liquid film 
generator includes an ozone supply mechanism for 
supplying ozone gas to the mist-containing water 
vapor generated in the mist-containing water vapor 
supply mechanism to generate the active oxygen inside 
the liquid film formed on the substrate. 

In one mode of the resist removing apparatus of 
the present invention, the aforesaid liquid film 
generator has a porous ceramic plate and supplies 
mist-containing water vapor from holes of the porous 
ceramic plate. 

A method of removing a resist of the present 
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invention includes the steps of performing distance 
adjustment so that a substrate provided with a resist 
on a surface thereof and an upper surface portion of 
an inside of a treatment chamber constituting a 
treatment space for removing the resist are close to 
each other, forming a liquid film containing active 
oxygen to have film thickness restricted to the 
distance to cover an approximately entire surface of 
the re'siist on the ' sub's t rate and dissolving and 
removing the resist by an action of the active oxygen. 

In one mode of the method of removing the resist 
of the present invention, the distance between the 
surface of the substrate and the upper surface 
portion of the inside of the treatment chamber is 
adjusted to 1 mm or less. 

In one mode of the method of removing the resist 
of the present invention, generation of the active 
oxygen is promoted in the liquid film by emitting 
ultraviolet rays to the liquid film. 

In one mode of the method of removing the resist 
of the present invention, the active oxygen is 
generated in the liquid film by supplying ozone water 
to the liquid film. 

In one mode of the method of removing the resist 
of the present invention, the active oxygen is 
generated in the liquid film by supplying peroxide 
water to the liquid film. 

A method of removing a resist of the present 
invention includes the steps of performing distance 
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adjustment so that a substrate provided with a resist 
on a surface thereof and an upper surface portion of 
an inside of a treatment chamber constituting a 
treatment space for removing the resist are spaced 
from each other, supplying mist-containing water 
vapor containing active oxygen to allow liquid drops 
to form condensation on a surface of the resist, and 
dissolving and removing the resist by an action of 
the active oxygen. 

In one mode of the method of removing the resist 
of the present invention, generation of the active 
oxygen is promoted in the liquid film by emitting 
ultraviolet rays to the liquid film. 

In one mode of the method of removing the resist 
of the present invention, the active oxygen is 
generated in the liquid film by supplying ozone gas 
to the liquid film. 

In one mode of the method of removing the resist 
of the present invention, the active oxygen is 
generated in the liquid film by supplying peroxide 
water to the liquid film. 

Brief Description of the Drawings 

Fig 1 is a schematic diagram showing a schematic 
constitution of a resist removing apparatus of a 
first embodiment; 

Fig. 2 is a schematic diagram showing a substrate 
surface and its vicinity in the resist removing 
apparatus of the first embodiment; 
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Fig. 3 is a schematic diagram showing a state of 
a treatment chamber and its vicinity, which is a main 
constitution of a resist removing apparatus of a 
second embodiment; and 

Fig. 4 is a schematic diagram showing a state of 
a treatment chamber and its vicinity, which is a main 
constitution of a resist removing apparatus of a 
modification example of the second embodiment. 

Detailed Description of the Preferred Embodiments 
Preferred embodiments to which the present 

invention is applied will be explained in detail with 

reference to the drawings, hereinafter. 
-First Embodiment- 

Fig. 1 is a schematic diagram showing a schematic 
constitution of a resist removing apparatus of a 
first embodiment. 

This resist removing apparatus is for removing a 
resist formed on a substrate 10 such as a silicon 
wafer or a glass substrate in a lithography process, 
and is constructed by including a single sheet 
treatment chamber 1, which is a treatment chamber 
constructing a treatment space for removing the 
resist on the substrate 10, and which the substrate 
can be carried in and taken from, a substrate stage 2 
which is provided in the treatment chamber 1 and on 
which the substrate 10 is supported and fixed, an 
ultraviolet ray transmission plate 3 provided on an 
upper surface portion of the treatment chamber 1 and 



made of a synthetic quartz glass, a low pressure 
ultraviolet lamp 4 provided on an upper portion of 
the ultraviolet ray transmission plate 3 and emitting 
ultraviolet rays into the treatment chamber 1 via the 
ultraviolet ray transmission plate 3, a liquid film 
generator 5 for supplying ultra pure water and 
various kinds of chemical liquids via an inflow port 
la of the treatment chamber 1, and a liquid/gas 
discharger 6 for discharging a liquid and gas inside 
the treatment chamber 1 via an outlet port lb of the 
treatment chamber 1. 

The substrate stage 2 has a temperature 
regulating mechanism 2c for regulating the 
temperature of the substrate 10 placed thereon by hot 
water/cool water, and further has a rotating 
mechanism 2a for freely rotating the substrate 10 
placed thereon and an upward and downward moving 
mechanism 2b for freely moving the substrate 10 
placed as described above in the vertical direction, 
and at a time of removing a resist on the substrate 
10, a surface of the substrate 10 and the ultraviolet 
ray transmission plate 3 are made closer to each 
other at a predetermined distance therebetween by the 
operation of the upward and downward moving mechanism 
2b as will be described later. 

The liquid film generator 5 is constructed by 
including an ultra pure water supply section 11 for 
supplying ultra pure water into the treatment chamber 
1, an O3 water supply section 12 for generating and 
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supplying ozone water (O3 water), an H2O2 water supply 
section 13 for generating and supplying an aqueous 
solution of hydrogen peroxide (H2O2 water), and an 
O2/N2 gas supply section 14 for supplying an O2/N2 gas 
to the surface of the substrate 10 to facilitate 
ejection of the substrate 10 by removing the chemical 
liquid remaining on the surface of the substrate 10 
after resist removing treatment. 

The ultra pure water supply section 11 is 
constructed by including an ultra pure water tank 21 
for storing ultra pure water supplied from outside, a 
level gauge 22 for measuring the level of the stored 
ultra pure water, a diaphragm pump 23 for accurately 
sucking and feeding out a predetermined amount of 
ultra pure water periodically, for example, and a 
flow meter 24 for measuring the amount of the ultra 
pure water fed out by the diaphragm pump 23. 

The H2O2 water supply section 13 is constructed by 
including a pumping tank 25 for storing H2O2 water, an 
H2O2 supply line 26 for supplying H2O2 to the ultra 
pure water to generate H2O2 water, a pumping mechanism 
27 for supplying N2 into the pumping tank 25 to pump a 
predetermined amount of H2O2 water from the pumping 
tank 25, a level gauge 28 for measuring the level of 
the stored H2O2 water, and a flow control valve 29 for 
controlling an amount of H2O2 water which is fed out. 

The O2/N2 gas supply section 14 forms passages for 
O2 gas and N2 gas respectively, and is provided with a 
passage for a mixture gas of both of them, and each 
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of the passages for the O2 gas and the N2 gas is 
provided with a pressure regulator 31 and a mass flow 
controller 32 for regulating the flow of the gas. 

The liquid/gas discharger 6 has a gas-liquid 
separating mechanism 33, and the discharged liquid 
and the discharged gas are separated by the operation 
of this liquid-gas separating mechanism 33. 

In order to remove the resist on the substrate 10 
by using this resist removing apparatus, a distance 
between the surface of the substrate 10 and the 
ultraviolet ray transmission plate 3 is adjusted to a 
predetermined distance by the upward and downward 
moving mechanism 2b of the substrate stage 2. As 
this distance, 0.1 mm to 1mm is preferable in 
consideration that the distance should be within the 
range in which the ultraviolet rays emitted as will 
be described later are not attenuated. 

While the substrate 10 is being rotated by the 
rotating mechanism 2a of the substrate stage 2 in 
this state, O3 water is supplied into the treatment 
space formed between the surface of the substrate 10 
of the treatment chamber 1 and the ultraviolet ray 
transmission plate 3 from the O3 water supply section 
12. Thereby, the treatment space is filled with the 
O3 water, and a liquid film 41, which is formed to 
have the film thickness restricted within a thin film 
state of the distance (0.1 mm to 1 mm) of the surface 
of the substrate 10 and the ultraviolet ray 
transmission plate 3 and covers an approximately 
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entire surface of a resist 42 on the substrate 10, is 
formed, as shown in Fig. 2. 

In the O3 water of the liquid film 41, as a 
result of dissolution of O3 into aqueous solution, O3 
is decomposed by the reaction of 0H~ and O3, and 
various kinds of active oxygen such as H02f Oz' , and 
OH are generated, as shown in the following series of 
( Formula 1 ) . 
( Formula 1 ) : 

O3 + 0H~ HO2 + O2"* 

O3 + HO2 -> 2O2 + OH 

O3 + OH -> O2 + HO2 

2HO2 ^03 + H2O 

HO2 + OH ^ O2 + H2O 

Accordingly, in addition to the direct oxidation 
by O3, radical oxidation by active oxygen such as 02~/ 
HO2 and OH^ which are secondarily generated, advances 
in the aqueous water (in this case, selectivity other 
than O3 reduces, but oxidation is intense). 

Subsequently, in the state in which the liquid 
film 41 is formed, ultraviolet rays are uniformly 
emitted to the liquid film 41 by the ultraviolet lamp 
4. At this time, O3 is decomposed by the ultraviolet 
rays, and by the reaction of excited oxygen atoms 
generated thereby and molecules of water, generation 
of hydroxy radical (OH) is promoted, as shown in the 
following series of (Formula 2) . In this case, as 
the wavelength of the ultraviolet rays which are 
emitted, it is required to be 310 nm or less to 
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decompose O3, and 50% transmission distance of the 
ultraviolet rays with the wavelength of 172 nm with 
respect to air is 3.1 mm from the optical absorption 
sectional area of oxygen (0.259 x 10"^^ the number of 
molecules / cm2), but since it is difficult to make 
the apparatus with the 50% transmission distance of 
3.1 mm or less, it is preferable to use the 
ultraviolet rays with the wavelength of 172 nm to 310 
nm. In this embodiment, the ultraviolet rays with 
the comparatively short wavelength of around 184.9 nm 
are adopted. Here, the ultraviolet rays are used to 
generate O3 in the aqueous water and cause the 
reaction to decompose the generated O3, and therefore 
their wavelengths may be in the comparatively wide 
range as described above. 
( Formula 2 ) : 

O3 + hv(A-<310 nm) -> 0(^D) + OzCa^AP) 

H2O + 0(^D) 20H 

OH + O3 O2 + HO2 

HO2 + O3 2O2 + OH 

As described above, the resist that is an organic 
substance is decomposed into H2O/CO2 by the activating 
action, which various kinds of active oxygen 
generated in the liquid film 41 as described above 
have, and dissolved and removed. 

At the time of generating the liquid film 41, H2O2 
water may be supplied from the H2O2 water supply 
section 13 in place of the O3 water, or with the O3 
water. In this case, as shown in the following 
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series of (Formula 3), H2O2 reacts with O3, and 
thereby the generation of the hydroxy radical (OH) is 
promoted . 
( Formula 3 ) : 

H2O2 ^ H + HO2" 

HO2" + O3 -> OH + O2" + O2 

Further, by emitting the aforesaid ultraviolet 
rays to the liquid film 41 containing H2O2 water, H2O2 
"is directly decomposed, and generation of hydroxy 
radical (OH) is further promoted, as shown in the 
following (Formula 4). 
( Formula 4 ) : 

H2O2 + hv(X,<310 nm) -> 20H 

As described thus far, according to this 
embodiment, it is made possible to form the liquid 
film 41 on the resist on the substrate 1, and 
dissolve and remove the resist by using various kinds 
of active oxygen generated in the liquid film 41, and 
a breakaway from a resource and energy-intensive 
technique, namely, realization of an environmentally 
compatible technique which does not depend on high 
energy and chemical solvents for removing a resist 
can be achieved. 

-Second Embodiment- 

In this embodiment, a resist removing apparatus 
including a treatment chamber and a substrate stage 
which are constructed approximately similarly to the 
first embodiment is disclosed, but this embodiment 
differs from the first embodiment in the point that 

- 13 - 



the state of the supplied liquid film on the resist 
is different. The common components and the like to 
the first embodiment are given the same reference 
numerals and symbols, and the explanation thereof 

will be omitted. 

Fig. 3 is a schematic diagram showing a state of 
the treatment chamber and its vicinity, which is a 
..main constitution of the resist apparatus of the 
second embodiment . 

This resist removing apparatus is constructed by 
including a treatment chamber 1 provided with an 
ultraviolet ray transmission plate 3, an ultraviolet 
lamp 4 and the like similarly to the resist removing 
apparatus of the first embodiment, a substrate stage 
2 having an upward and downward moving mechanism 2b, 
a liquid film generator 51, liquid/gas discharger 
(not shown: the same as the liquid/gas discharger 6) 
which performs liquid discharge and gas discharge 
inside the treatment chamber 1 via an outlet port of 
the treatment chamber 1. 

Here, the liquid film generator 51 is constructed 
by including a vapor supply section 52 for supplying 
water vapor into the treatment chamber 1, and an O3 
gas supply section (ozonizer) 53 for supplying O3 gas 
of high concentration into the treatment chamber!. 

in order to remove the resist on a substrate 10 
by using this resist removing apparatus, a distance 
between a surface of the substrate 10 and the 
ultraviolet ray transmission plate 3 is initially 
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adjusted to a predetermined distance by the upward 
and downward moving mechanism 2b of the substrate 
stage 2. In this embodiment, the distance is made 
longer as compared with the first embodiment (10 mm 
to 30 mm). Here, the temperature in the treatment 
chamber 1 is adjusted to SO^C to 90°C, and the 
substrate temperature is adjusted to room temperature 

to 60°C. 

While the substrate lOis being rotated, by the 
rotating mechanism 2a of the substrate stage 2 in 
this state, vapor is supplied from the vapor supply 
section 52 and O3 gas is supplied from the O3 gas 
supply section 53, respectively into the treatment 
space formed between the front surface of the 
substrate 10 of the treatment chamber 1 and the 
ultraviolet ray transmission plate 3. At this time, 
the aforesaid vapor is the vapor containing mist, and 
the inside of the treatment chamber 1 is in the 
atmosphere of the mixture of mist-containing vapor in 
a saturated vapor state and O3 gas. The mist- 
containing vapor is the mixture of the mist of a 
grain size of 10 ^m to 50 nm and vapor. Since the 
mist has a large surface area due to its 
approximately spherical shape and hence O3 gas easily 
penetrates into it, the O3 gas can be sufficiently 
supplied by using this mist-containing vapor. 

Due to the aforesaid saturated mixture atmosphere 
in addition to the temperature difference between the 
temperature of the treatment camber 1 and the 

- 15 - 



liftnid droDS form condensation 
substrate temperature, liquid drops 

on the resist of the substrate 10 as a number of 
microscopic thin liquid films 61 into which O3 gas is 
dissolved. At this time, in the liquid film 61, the 
series of reactions of (Formula 1) explained in the 
first embodiment are caused, O3 is decomposed by the 
reaction of OR- and O3 by dissolution of O3 into 
aqueous., water, and various kinds of active oxygen 
such as HO2, or and OH are generated. 

Accordingly, in the aqueous water, radical 
oxidation by the active oxygen such as O.", HO. and OH, 
which are secondarily generated, advances in addition 
to the direct oxidation by O3 . 

^i.r -in the state in which the liquid 
Subsequently, m rne s^Lduc 

films 61 are formed, ultraviolet rays are uniformly 
emitted to the liquid films 61 by the ultraviolet 
lamp 4 under the same conditions as in the first 
embodiment. At this time, the series of reactions of 
(Formula 2) explained in the first embodiment is 
caused, 03 is decomposed by the ultraviolet rays, and 
by the reaction of the excited oxygen atoms generated 
by this and molecules of water, generation of hydroxy 
radical (OH) is promoted. 

By the activating action, which various kinds of 
active oxygen generated in the liquid films 61 as 
described above have, the resist that is an organic 
substance is decomposed into H,0 and CO., and 
dissolved and removed. 

AS explained thus far, according to this 
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embodiment, it is made possible to form the liquid 
films 61 on the resist on the substrate 10, and 
dissolve and remove the resist by using various kinds 
of active oxygen generated in the liquid films 61 
(especially, in their surface layers), and a 
breakaway from the resource and energy-intensive 
technology, namely, realization of an environmentally 
compatible. technology that does not depend on high 
• energy or chemical solvents for removing a resist can 

be achieved. 

-Modification Example- 
Here, a modification example of the second 
embodiment will be explained. 

in this modification example, a resist removing 
apparatus constructed approximately similarly to the 
second embodiment is disclosed, but the modification 
example differs in the point that a porous ceramic 
plate is provided in place of the ultraviolet lamp. 

Fig. 4 is a schematic diagram showing a state of 
a treatment chamber and its vicinity, which is a main 
constitution of the resist removing apparatus of this 
modification example . 

This resist removing apparatus is constructed by 
including a treatment chamber 1 similar to the resist 
removing apparatus of the first embodiment, a porous 
ceramic plate 71 provided in place of the ultraviolet 
lamp, a substrate stage 2 having an upward and 
downward moving mechanism 2b, a high concentration O3 
gas supply section 53, and a liquid/gas discharger 
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(not Shown: the same as the liquid/gas discharger 6) 
which performs liquid discharge and gas discharge 
inside the treatment chamber 1 via an outlet port of 
the treatment chamber 1. 

The porous ceramic plate 71 is constructed so 
that mist-containing water vapor containing uniform 
mists of a small grain size and mist-containing water 
vapor containing. O3 gas are supplied to the substrate 

10 via holes 72 . 

in order to remove the resist on the substrate 10 
by using this resist removing apparatus, the distance 
between the front surface of the substrate 10 and the 
porous ceramic plate 71 is firstly adjusted to a 
predetermined distance by the upward and downward 
moving mechanism 2b of the substrate stage 2. In 
this example, the distance is made longer (10 mm to 
30 mm) as compared with the first embodiment. Here, 
the temperature inside the treatment chamber 1 is 
adjusted to 80°C to 90°C, and the substrate 
temperature is adjusted to room temperature to 60°C. 

While the substrate 10 is being rotated by the 
rotating mechanism 2a of the substrate stage 2 in 
this state, vapor is supplied from the holes 72 of 
the porous ceramic plate 71, and O3 gas is supplied 
from the high concentration O3 gas supply section 53, 
respectively into the treatment space formed between 
the surface of the substrate 10 of the treatment 
chamber 1 and the porous ceramic plate 71. At this 
time, the aforesaid vapor is mist-containing water 



vapor, the inside of the treatment chamber 1 is in 
the atmosphere of the mixture of the mist-containing 
water vapor in a saturated vapor state and 0, gas, and 
O, gas is dissolved into the mist-containing water 
vapor . 

Due to the aforesaid saturated mixture atmosphere 
in addition to the temperature difference between the 
temperature of the inside of the treatment chamber 1 
and the substrate temperature, the liquid drops form 
condensation on the resist of the substrate 10 as a 
number of microscopic thin liquid films 61. 

Accordingly, in the aqueous solution, radical 
oxidation by the active oxygen such as 0.", HO. and OH, 
which are secondarily generated, advances in add.txon 
to the direct oxidation by O3 • 

By the activating action, which various kinds of 
active oxygen generated in the liquid films as 
described above have, the resist that is an organic 
substance is decomposed into H.O and CO., and 
dissolved and removed. 

AS explained thus far, according to this 
„.odification example, the liquid drops into which O3 
is dissolved form condensation to form the liquid 
films on the resist, whereby it is made possible to 
dissolve and remove the resist by using various kinds 
of active oxygen, and it ■ is possible to achieve a 
breakaway from the resource and energy-intensive 
technology, namely, realization of an environmentally 
compatible technology that does not depend on high 
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energy or chemical solvents for removing a resist. 

Industria l Applicability 

According to the present invention, it is made 
possible to form the liquid films on the resist and 
dissolve and remove the resist by using active oxygen 
generated in the liquid films to thereby enable a 
breakaway from resource and energy-intensive 

technology, namely, realization of an environmentally 
compatible technology that does not depend on h.gh 
energy or chemical solvents for removing a resist. 
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